CV-306, PI 673046) was developed by the Michigan State University AgBioResearch and released in 2014 as an upright, midseason cultivar with excellent canning quality. Navy beans represent a market that has historically been important to the Saginaw Valley region of Michigan, where high-quality beans could be produced and exported to the world market via the Great Lakes shipping trade (Kelly, 2000) . Traditional early maturity and uniform dry down have been compromised in recent releases of navy bean cultivars in an effort to increase yield (Vandemark et al., 2014) . Many current cultivars have a tendency to retain leaves or for the stems to stay green, thus making the crop more difficult to harvest. Producers have overcome this problem through the use of desiccants that aid in uniformly eliminating leaf retention and green stems. Although effective, this practice has added a step and cost to the harvest process, while also raising concerns about increased chemical use and proper timing of application. Alpena offers more efficient, uniform dry down in an upright plant type that will improve the ease of timely harvest. It also offers midseason maturity, which allows both flexibility in planting time and facilitates a more timely harvest, as well as an opportunity to producers in more northern areas to expand into the navy bean class. These growers have traditionally been limited to earlier maturing bush (determinate) type kidney beans but could benefit from the ability to grow an upright navy bean suited to their shorter growing season. This could also represent an opportunity to expand navy bean production to growers and acreage outside of the current production region as U.S. navy bean production has declined from 16.3 to 13.9% of the total dry bean production in the last 3 yr due largely to competition from other bean classes (NASS, 2014 ).
Methods
Alpena, tested as Michigan State University navy bean breeding line N11283, was developed from the cross between 'Medalist'/N08003. Medalist is a high-yielding upright private navy bean cultivar developed by ProVita Inc. that was derived from cross of navy bean cultivars 'Mayflower'/'Avanti' (Kelly et al., 1989; Sutton and Coyne, 2010) . Michigan State University breeding line N08003, derived from cross of N00844/ N02237 was a high-yielding, upright navy bean breeding line that exhibited good dry down at harvest but lacked adequate canning quality. The purpose of the cross was to develop new high-yielding, upright navy bean cultivars that exhibit better standability and more efficient dry down at harvest. Most of the current navy bean cultivars exhibit a green stem trait at harvest, necessitating the application of harvest aid chemicals to mature the crop for direct harvest, which limits their expansion north and presents problems for organic producers.
F 1 plants (09A-0058) were grown and selfed in the greenhouse at East Lansing, MI, during spring 2009, and no selection was practiced in this generation. In 2009, single plant selection no. 5 was made in F 2 nursery (09L-0075) at Saginaw Valley Research Extension Center (SVREC), Richville, MI, on the basis of agronomic and navy bean seed traits. Traits selected included upright type II growth habit, short vine development, lodging resistance, midseason maturity, and uniform dry down. Seed color and size traits were selected as acceptable commercial navy bean seed class. In 2010, single plant selection no. 5 was made in the F 2:3 progeny row (10T-1414) at SVREC for upright architecture, lodging resistance, acceptable pod load and placement, uniform midseason maturity, and commercial navy bean seed traits. All future selections are F 3 -derived as the line was mass selected in later generations. A single F 3:4 progeny row (0-1T-0718) was grown and mass selected at Isabela, PR, on the basis of agronomic and seed traits, similar to those described in the F 4 generation. Remnant seed was confirmed to be resistant to Bean common mosaic virus (BCMV) by screening in the greenhouse at East Lansing with Bean common mosaic necrosis virus (BCMNV) strain NL 3. A F 3:5 breeding line coded 09N058-05-05 was entered into replicated yield trials at Saginaw, MI, with the permanent code number N11283. Canning tests were initiated. The line was advanced on the basis of acceptable yield performance, seed and canning quality.
During 3 yr of testing (2011) (2012) (2013) , Alpena was advanced from the F 6 to the F 8 generation and yield tested at 23 siteyears in mid-Michigan and Ontario. Miklas et al. (2013) in naturally infected plots grown under sprinkler irrigation at Montcalm Research Farm (MRF), Entrican, MI. Canning tests were conducted on seed produced at most of the Michigan locations from 2011 to 2013 following protocols described by Hosfield and Uebersax (1980) . To assess canning quality, Alpena was subjectively rated by a team of 10 to 15 trained panelists as being acceptable in canned bean color and appearance on a 1-to-5 scale, where 5 is best, 3 is midscale (neither acceptable nor unacceptable) and <3 is unacceptable. This evaluation is based on whole bean integrity (no splitting or clumping), uniformity of size (uniform water uptake), and clear brine (no starch extrusion into canning liquid). Texture following canning was measured using Kramer Shear Press on 100 g of rinsed and drained canned samples using a standard shear-compression cell of a Kramer Shear Press (Food Technology Corp.). A colorimeter, Hunter Labscan XE (Hunter Associate Laboratory, Inc.), was used for extracting color parameters from washed-drained canned beans. Color values were extracted as the L* which is the lightness component that goes from 0 (black) to 100 (white). An analysis of variance was conducted for each measured trait in each trial. Fisher's protected LSD (p ≤ 0.05) was used to compare entry means in trials that had significant F-tests for lines. Individual t tests were used to separate mean yields between entries grown at the same locations. A source of breeder seed of Alpena was produced in Twin Falls, ID, in 2013.
Characteristics
Alpena was tested for 3 yr (2011-2013) over 23 locations in cooperation with colleagues in Michigan and Ontario (Table  1) . Over all 23 site-years, Alpena yielded 2886 kg ha -1
; yields ranged from a high of 3819 kg ha -1 in SVREC in 2012 to a low of 1254 kg ha -1 in Huron County, Michigan, in 2012. In all 23 trials, Alpena significantly outyielded the test mean by an average of 6% over 3 yr. Alpena significantly outyielded navy bean cultivars Medalist (relative percentage yield, 7%), Indi (11%), and Vista (8%), was equivalent in yield to Merlin and T9905, and yielded 6% less than Rexeter. Under the narrow-row (50 cm) width testing combined with direct harvest at SVREC, Alpena yielded 3819 kg ha -1 in 2012 and appears well suited to this increasingly popular management system in Michigan. Alpena appears well adapted to a range of production systems outside of Michigan, yielding 3699 kg ha -1 in Ontario in 2013. Alpena exhibits the type-II upright short vine (indeterminate) growth habit combined with good resistance to lodging equivalent to Indi in standability ( Table 2) . The plant has an overall upright appearance similar to Merlin but is slightly more erect with a lower lodging score (1.6) compared with Medalist (1.9) and to other navy bean cultivars that have lodging scores above 2.0. Alpena averaged 55 cm in height, which is similar to Medalist. Alpena is white flowered and flowers in 45 d. Alpena is a midseason bean maturing 99 d after planting and the maturity ranges from 88 d under drought to 105 d depending on season and location. It matures with T9905, 2 d later than Indi, 4 d earlier than Merlin and Medalist, and 5 d earlier than Rexeter. Alpena has demonstrated the same uniform maturity and dry-down as Indi and is more erect than Medalist, Vista, and Rexeter. It does not exhibit the green stem at harvest that is observed in Medalist, Merlin, and Rexeter. Alpena had the highest agronomic acceptance rating (5.3) of navy cultivars due to its upright habit, resistance to lodging, favorable high pod placement in the plant canopy, and superior dry down at harvest. The cultivar displays uniform maturity coupled with plant dry down and efficient seed partitioning, making it suitable for direct harvest without the aid of desiccation. The earlier maturity would favor production in the more northern regions of the lower peninsula of Michigan. Alpena possesses the single dominant hypersensitive I gene, which conditions resistance to seedborne BCMV but is sensitive to the temperature-insensitive necrosis-inducing strains of BCMNV such as NL 3 and NL 8, resulting in hypersensitive top necrosis reaction. Alpena is susceptible to races 7 and 73 of anthracnose, to rust race 22:2 present in Michigan, and to local isolates of common bacterial blight (Table 3) . Compared with other navy cultivars grown in Michigan, Alpena exhibits field tolerance to white mold, with an incidence of 33%, similar to other cultivars Medalist, Merlin, and Indi and better than T9905 (43%) and Vista (43%), which tend to lodge more. The data suggest that Alpena possesses morphological avoidance to white mold (Table 3) .
Alpena has an average seed size of 19.2 g 100 seed -1 . The size ranges from 17.5 to 21 g 100 seed -1 and is similar to other commercial navy cultivars (Table 2) . Alpena has an acceptable visual rating score (3.7) after canning, compared with commercial navy cultivars that ranged from 4.2 for Medalist to 2.7 for T9905 (Table 4) . Data on the color of canned seed indicate that Alpena is slightly whiter (55.5) than other navy bean cultivars based on the Hunter L-score. Alpena and Medalist had similar and acceptable hydration ratios and drained weight ratios, and there were no major differences between cultivars. Alpena was similar in texture (36 kg) compared with Medalist (33 kg) and Merlin (34 kg) and firmer than T9905 (26 kg). Texture values below 30 kg 100 g -1 are outside the acceptable range for processed navy beans (Hosfield and Uebersax, 1980) . Overall, Medalist exhibits the best overall canning quality in the navy bean market class, and there was no significant difference between Alpena and Merlin.
Availability
Alpena navy bean cultivar was released by Michigan State University AgBioResearch, East Lansing, Michigan and is available under license from MSU Technologies, with the option that Alpena may be sold for seed by name only under the foundation and certified seed classes. A royalty will be assessed on each hundredweight unit of foundation seed sold. Breeder seed is maintained by Michigan State University AgBioResearch under license with the Michigan * P ≤ 0.05 Alpena to other cultivars. † Visual rating: 1 = very undesirable, 5 = very desirable; data are average of 3 yr of data 2011-2013 over 10 locations. ‡ L scale: 0 = black, 100 = white determined using Hunter color meter. § Texture: force in kilograms required to compress 100 g of processed beans measured using Kramer shear press; data from 2013 only. ¶ Hydration ratio: weight of soaked bean before canning/fresh weight of beans (equivalent to 90 g dry matter).
# Drained weight ratio: weight of cooked beans only/weight of soaked beans before canning.
Crop Improvement Association. Foundation seed will be maintained by the Michigan Crop Improvement Association. U.S. Plant Variety Protection (PVP) for Alpena is anticipated. Seed of Alpena has been deposited with the National Plant Germplasm System, where it will be available on expiration of PVP, 20 years after the date of publication. Small quantities of Alpena seed for testing purposes can be obtained from the corresponding author during the period of PVP. Recipients of seed are asked to make appropriate recognition of the source of germplasm if it is used in the development of a new cultivar, germplasm, parental line, or genetic stock.
